Abstract
INTRODUCTION
leading to acidic deposition. In the past, much more attentions has been paid to SO 2 and NO x , than to NH 3 . However, with decreasing SO 2 emissions throughout Europe, and an increased appreciation of the role of NH 3 and NO x in causing eutrophication of ecosystems, scientific attention on NH 3 has grown (Sutton et al., 1998) . As the dominant basic atmospheric species, NH 3 can react with acidic Atmospheric ammonia (NH 3 ) is an air pollutant of increasing interest, and along with sulfur dioxide (SO 2 ) and nitrogen oxides (NO x ), is one of three main primary pollutants species to form ammonium sulfate, ammonium nitrate, or ammonium chloride, or may be deposited on the Earth's surface (Aneja et al., 2000) . Due to these neutralization reactions which involve rapid gas-to-particle conversion (Lemmetty et al., 2007) , NH 3 has recently come under scrutiny with respect to fine particulate matter (PM 2.5 ) regulations, impacting human health, visibility, and climate change (Barthelmie and Pryor, 1998) . The high NH 3 concentration in Asia reflects increasing NH 3 emissions from agricultural activities (including fertilizer use), livestock and the use of biofuels (such as animal dung) as domestic fuel (Carmichael et al., 2003) . Ammonia is highly soluble in water and its major sink in the atmosphere is via wet deposition. The residence time of NH 3 in the lower level of the atmosphere is a few hours, although in a calm environment it may exist for one week (Kapoor et al., 1992) . In addition, due to its high reactivity, NH 3 exhibits a relatively short atmospheric lifetime, so its ambient concentration is greatly influenced by local sources.
Thus, it has become clear that NH 3 is an important gas in relation to different environmental issues. Sufficient data on NH 3 concentrations have been reported from various remote, rural, urban and suburban sites in the world (Galloway et al., 1987; Khemani et al., 1987; Kulshrestha et al., 1996; Lenhard and Gravenhorst, 1980; Likens et al., 1987; Possanzini et al., 1988; Tuncel and Ungor, 1996; Chou and Wang, 2007 
EXPERIMENT

Sampling Sites
Two sites were selected for study. 
Sample Collection
Ammonia samples were collected using (Rabaud et al., 2001; Carmichael et al., 2003; Roadman et al., 2003) . The efficacy of passive samplers in measuring atmospheric NH 3 shown in previous studies (Tate, 2002; Carmichael et al., 2003; Thöni et al., 2003; Wilson and Serre, 2007) filters were corrected using field blanks. The scatter of NH 3 at the suburban site was larger than at the urban site in spring, summer, and autumn (Fig. 3) . During winter, the scatter of NH 3 at at at the urban site. The large scatter of NH 3 at the suburban site may be due to NH 3 emissions originating mainly from agricultural sources and their spatial distribution was therefore closely linked to agricultural production. However, the NH 3 concentrations at the suburban site were closer during winter, which can be attributed largely to reduced NH 3 volatilization as a result of frozen surfaces in the surrounding farmland. 
RESULTS AND DISCUSSION
Temporal Variations of Ammonia
Relationship betwee
A NH 3 is the only alkaline gas in the atmosphe utralization of atmospheric sulfuric and nitric acid. NH 3 readily reacts with these acids to form ammonium salts and thus is an important constituent of aerosols and precipitation (Erisman et al., 1988) . To realize the transformation of NH 3 and NH 4 + , the NH 4 + in PM 2.5 was simultaneously observed at the urban site. Fig. 4 Kobara et al., 2007) , as will flux rates of NH 3 (Nemitz et al., 2001) . NH 3 concentrations were weakly correlated with Lindberg et al. (1990) . This suggests that abundant NH 3 gas existed in the atmosphere over Xi'an. The rate of ammonification is influenced by temperature, pH and water availability. Higher NH 3 /NH 4 + ratios were found in summer, implying that NH 3 gas is not neutralized completely by acidic species.
However, most NH 3 /NH 4 + ratios were close to or less than 1.0, which indicated that NH 3 gas was neutralized completely by acidic species due to decreased NH 3 in ambient air and increased SO 2 concentrations from residential heating during winter. NH 3 level at Xi'an was 2-5 times higher than that reported at Pune, India (2.0 µg/m 3 ) (Khemani et al., 1987) , Yokohama, Japan (5.3 µg/m 3 ) (Yamamoto et al., 1988) , Chicago, USA (1.63 µg/m 3 ) (Lee et al., 1993) 
Comparison of NH 3 O
